Introduction
There is increasing interest and research into the delivery of critical care. Intensive care units (ICUs) worldwide are staffed in a diverse manner. The traditional "open" model, more common in the USA, involves care remaining with the admitting physician or surgeon. Intensivist-run ICUs ("closed" units) have proven benefits in patient outcomes and efficiency. A potential drawback of "open" ICU's is a longer period of time before patients are reviewed by a physician. Although this may result in worse patient outcomes there is little published data exploring this. The study author is an attending intensivist in a large "open" ICU in Ohio, USA. This observational study aimed to look at outcomes and cost relating to the time patients are first reviewed by a physician after arrival in ICU.
Study design and Methods of data analysis
The study is a retrospective analysis of data obtained from the ICU database of the author's hospital, relating to patients cared for in the coronary care, neurosurgical and medical-surgical units, totalling 36 beds. The cardiac surgery and burns units were excluded for technical reasons. Data was collected over a 9 month period starting in September 2001. 840 patients were included in the analysis. Data obtained included basic demographics, physiological signs and laboratory data in the first 24 hours, place of care before ICU, diagnosis, treatment received (including endotracheal intubation and haemodialysis) and outcome (mortality, ICU length of stay and costs attributable to ICU stay). Illness acuity was assessed using a modified APACHE0 score (APACHE modified to use admission physiological data rather than worst 24 hour data). Time to first physician review was obtained from nursing flow sheets. Cost data was obtained from the hospital accounting system.
The first part of the analysis involved entering this data in a binary logistic regression model looking for variables which may impact on patient outcomes and costs.
The obvious major difficulty of this type of unrandomised study is controlling for confounding factors which may influence the time until physician review. This was attempted with Propensity Analysis. Patients were divided into Prompt and Delayed groups on the basis of the median time until physician review (6 hours). Regression analysis of the likely confounding factors gave a numerical estimate of each factor's association with either group. These were summed for each patient to give the propensity score, an individual's risk of being in the prompt or delayed group. This score was entered into the regression model.
Individual patients from the promptly seen group were then matched with those from the delayed group with identical propensity scores to give 158 pairs who seemed to be otherwise well matched. These were analysed separately.
What were the results, how large is the treatment effect? a) Overall data (without attempt to control for confounding variables).
By logistic regression analysis the factors which predicted hospital mortality were APACHE0 score, old age, mechanical ventilation and delay until physician review (1.6% increase in mortality per hour). The overall mortality was lower (16%) than predicted by APACHE II (25%). Patients in the promptly seen group had a lower mortality ratio as predicted by APACHE II (55% vs 88%, p=0.01). Direct variable costs were possibly slightly higher in the prompt group (mean $11992 vs $12043, borderline p=0.04, standard deviations were large.) However as expected the prompt and delayed groups were not well matched for factors likely to influence time seen by physician.
b) After propensity analysis
Mortality was not now significantly different in prompt and delayed groups (p=0.44) and costs were not significantly different (p=0.41), although now showed a possible trend to lower costs in the promptly seen group. Hospital stay was shorter statistically in the prompt group (11+-11days vs 13+-14days, p=0.03), the clinical significance of this is uncertain. Statistical significance was also found for the observed/expected mortality ratio by APACHEII score (61 vs 80%, p=.03). When propensity score was included in the multivariate analysis a 2.1% increase in mortality with each hour delay was found.
Are the results plausible?
Intuitively delays in seeing critically ill patients should lead to adverse outcomes -a proven fact in the setting of trauma and severe sepsis. The influence on costs is likely to be decided by the balance between extra treatments ordered and the prevention of delayed recovery and complications.
Comments on the Results and Analysis
The proposed outcome measures were rather loosely defined in the introduction and no formal hypothesis was stated. All 840 patients included in
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The effect of prompt physician visits on intensive care unit mortality and cost the study were included in the regression analysis, however only 316 patients were able to be matched and included in the separate propensity analysis. This reduced the power of the study to confirm a statistical difference in mortality between the two groups, and again, no formal power calculation was included. It is not commented on whether any other patients were admitted to the ICU in the study period, although it can probably be assumed the database was complete. It is also not stated whether those patients unable to be matched by propensity analysis were statistically a different group. This again could have impacted on the final results.
No attempt was made to blind the investigators which would be difficult in a retrospective data analysis and less important than in a prospective study.
Multiple parametric tests (t-test) were performed on data and it may have been more appropriate to choose a lower level of statistical significance to compensate for this (e.g. p<0.025). The data for costs in particular when expressed in parametric form had very large standard deviations (e.g. $11992+-$12043). Cost data is likely to be from a significantly positively skewed distribution and quoting medians and inter-quartile ranges may be more appropriate. The use of log transformation for statistical analysis was mentioned.
Will this help with caring for/ be applicable to UK patients?
There are significant factors which need to be taken into account when applying this study to the UK. Most UK ICUs are "closed" in design with an intensivist responsible for the day-to day patient care. It is likely the patient groups admitted to ICU may be different in the USA, although mean age (61) and APACHE II score (16) were similar to those found in the UK (56 and 17.9 respectively). It seems unlikely the median time to physician assessment on ICU would be 6 hours in the UK. Intensive care also often starts before the physical arrival of the patient in the ICU, which is not accounted for. The study does not differentiate between grade and speciality of the first physician review, which again would be expected to influence outcome. In the UK this study may have been designed to look at the influence of the time from first recognition of critical illness until review by a senior ICU physician.
Conclusion/ Comments
This study highlights some of the difficulties inherent in conducting research into the delivery of critical care. Whilst successful in showing a possible link between delay in first physician review on ICU and mortality, there are methodological and statistical problems. Any retrospective analysis of this subject will find it hard to control for factors which would influence both time of review and mortality, most obviously APACHE II score in this study. This is partially compensated for by the use of propensity analysis, but as stated in the discussion this resulted in the loss of over half the study population and therefore its power.
Many difficulties arise in extrapolating conclusions of this study to UK practice. However, the author's conclusion is that, in this retrospective study in a large open ICU, delayed physician assessment was associated with a higher than expected mortality. In the author's locality, this may lend strength to a move towards ways of reducing this lag-time. Despite its shortcomings it should be considered along with the body of evidence already supporting the expedient care of the critically ill in appropriate areas by staff trained in intensive care techniques. In addition to clinical implications, financial considerations are likely to become more important in the UK as time progresses.
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